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(54) Composite dielectric material, a solid organism phantom made therefrom, and a method of 
manufacturing the same 

(57) The invention provides a composite dielectric 
material comprising: 40 - 90 vol% of a thermosetting 
resin; and 10 - 60 vol% of an electrically conductive 
powder, where a total amount including said resin and 
said powder is 100 vol%. 

The invention also provides a composite dielectric 
material comprising: 40 - 90 vol% of a thermosetting 
resin; 50 vol% or less, excluding 0 vol% of a dielectric 
ceramic powder; and 1 0 - 60 vol% of an electrically con- 
ductive powder, where a total amount including said 
resin, said dielectric ceramic powder and said electri- 
cally conductive powder is 100 vol%. 

The above described composite dielectric material 
is used for a solid organism phantom (1) in a frequency 
band of a microwave. 
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Description 

BACKGROI iND OF THE INVENTION 
5 1. Field of t he Invention 

[0001] The present invention relates to a composite dielectric material, a solid organism phantom tor use as a pseudo 
human body in a frequency band of a microwave. ^ 

10 2, Description of the Restart ah 

[0002] In the development and evaluation of an electromagnetic wave generating device such as a portable radio 
communication device for use in the vicinity of a human body, there has been found a fact that electromagnetic wave is 

~ £?M ♦ m f n ^° dy a " h0U9h SUCh a " i^erence depends upon a wave length of an electromagnetic 

wave, and also a fact that electromagnet* wave may be easily absorbed by a human body. Thus, it is necessary to 
mate clear a mutual relationship between the electromagnetic wave and a human body. However, in considering an 
hlnrlTic ^ 8 e ** on \ a 9 netlc on a human body, it is impossible to cany out a quantitative determination and 
hence it is d.ff.cult to perform a required standardization, because an actual evaluation of human bodies will indicate 
that one human body is different from another human body in various parameters. Moreover, since it is impossible to 
continuous y perform a long time measurement on a human body, it is in fact not allowed to perform a direct observation 
and evaluation on the behaviour of an electromagnetic wave within a human body. For this reason, people have been 
using an organism phantom which is a pseudo organism phantom, so as to deduct and analyze an effect of an electro- 
roagnetic wave on a human body, thereby performing the desired observation and evaluation 

[0003] In the past as a material for the formation of an organism phantom discussed in the above, there had been in 
use a semi-ftowable material comprising a sodium chloride water solution, a polyethylene powder, and a gelling agent 
However, with the passing of time, such semi-flowable material will become undesirably dried on the surface thereof' 
and moisture component will be undesirably separated from the inside of the material. As a result, mildew and bacteria 

2 SrTr." ^ to P repare 3 °° ntainer to h °' d ** shape of the semi-flowable material, hence bring- 
ing about some difficulties in the handling of the material. 

[0004] To solve the above described problems. Japanese Unexamined Patent Publication No 4-109508 has disclosed 
rj?„> J! 1 - !, T t6nal iS formed by dfeP^ns a carbon powder and a ceramic powder having a high die- 
S2^2^. ,n thr 1 ° 1 U9h ° Ul 3 f ' UOrine reSin (Pri0r M Example and a method of manufacturing said material 
m b^ZT 6 ^ amined Pa,Snt Publication No - 4 " 114 631- *"ther, Japanese Unexamined Patent Publi- 
cation No. 8-239513 has disclosed a composite dielectric material which is formed by dispersing a carbon fiber in rub- 
ber (Prior Art Example 2). With the use of the two composite dielectric materials. Verification of pseudo o^sm 
mn^i u ' S ° ,Vin9 the abwe problems have been fou "d ^ »» above semi-flowable material 

ffjsri* 6 ^ composite die,ectric materiai and the ° rsantem phantom - *« ha - 

[00 ° 61 * first, description will be given to the above Prior Art Example 1. When, in Prior Art Example 1 afluorine 
resm which ,s a toermoplastic resin is used to manufacture a solid organism phantom, it is required to have a process 
fnST JL P 'i"^ y plateW,ke . p,ece membere *y «* Section molding, a process of laminating one upon 
£l£ theplate-l ike piece members to form a block assembly, and a process of properly cutting the block assembly 
so as to obtein a desired model shape. As a result, the manufacturing of the solid organism phantom has a low produc- 
tivity, requinng a long time for producing each phantom, resulting in an increased production cost 

S^^i^SK Wi " be 9iVe " 10 ,hS abOV6 Pr '° r Art Examp,e 2 - Since ,he solid orQani * m Phantom of Prior Art 
I ? 1 y disperc,ns several wei ^ Percentages of a carbon fiber in and throughout a rubber, and since 

(1) Since an electric property will be affected by the orientation of carbon fibers, there is an undesired anisotropy 
in the electric property of a solid organism phantom. 

(2) Since the carbon fibers will be broken when being dispersed in and throughout the rubber, it is difficult to per- 
form necessary control on dispersing conditions, amicun to per 

(3) Since an electric property will change in an amount which is several times its original property only due to 1 wt% 
difference in an amount of added carbon fibers, it is also difficult to perform a desired composition control 
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SUMMARY OF TH5 INVENTION 

[0008] To overcome the above described problems, preferred embodiments of the present invention provide a com- 
posite dielectric material whose electric property is uniform and stabilized so that it can be used to manufacture a solid 
5 organism phantom in an increased amount, with a shortened time and a reduced cost. 

[0009] One preferred embodiment of the present invention provides a composite dielectric material comprising: 40 - 
90 vol% of a thermosetting resin; and 10-60 vot% of an electrically conductive powder, where a total amount including 
said resin and said powder is 100 voi%. 

[0010] According to the above described composition, it is possible for said composite dielectric material to obtain a 
10 high dielectric constant which is the same as that of a human body in a frequency band of a microwave, and since such 
composite dielectric material is in a solid state under a room temperature, it is easy to be dealt with when in use, thereby 
making it sure to obtain a uniform and stabilized electric property. Further, since the thermosetting resin is mixed with 
a matrix resin, it is possible to perform an injection molding process, thereby making it ensure to manufacture a com- 
posite dielectric material with an increased ease, a shortened time, and with an improved productivity. 
is [001 1 ] Another preferred embodiment of the present invention provides a composite dielectric material comprising: 

40 - 90 vol% of a thermosetting resin; 

50 vol% or less, excluding 0 vol% of a dielectric ceramic powder; and 
1 0 - 60 vol% of an electrically conductive powder, 
20 where a total amount including said resin, said dielectric ceramic powder and said electrically conductive powder 
is 100 vol%. 

[001 2] Even if the above dielectric ceramic powder is not added, it is still possible to obtain a dielectric property which 
is the same as that of a human body. Nevertheless, by adding a dielectric ceramic powder in the above material, it is 
25 possible to easily perform an adjustment of the electric property of said material, thereby obtaining a composite dielec- 
tric material whose dielectric property is allowed to be adjusted easily and finely. 

[0013] Yet another preferred embodiment of the present invention provides a solid organism phantom comprising: a 
molded body comprising the above described composite dielectric material. 

[0014] With the use of the above constitution of the solid organism phantom, it is possible for the phantom to be 
30 employed as a solid pseudo human body under a room temperature, thereby making it sure to easily perform a meas- 
urement of an influence of an electromagnetic wave on a true human body. 

[001 5] The above described solid organism phantom may have a shape of a generally human figure imitating at least 
one part of a human contour. 

[001 6] In this way, by forming a shape of a generally human figure imitating part of a human body which is to be meas- 
35 ured, it is possible to obtain more correct data as pseudo human body than a molded body of an geometrical shape. 
[001 7] In the above described solid organism phantom, the shape of the generally human figure may include an artic- 
ular portion which is movable. 

[0018] According to the above described structure and arrangement, it is possible for the phantom to obtain a certain 
freedom in forming into a desired pose, and such a phantom is suitable for use in various conditions irrespective of what 
40 shape an electromagnetic wave generating device is in, thus it is possible to obtain desired data under a condition which 
is very close to an actual situation as if a person is using the communication device. 

[001 9] Yet another preferred embodiment of the present invention provides a method of manufacturing a solid organ- 
ism phantom, comprising the steps of: mixing and kneading dielectric ceramic powder and electrically conductive pow- 
der with a thermosetting resin to obtain a kneaded mixture; injecting the kneaded mixture into a formation mold and 
45 conducting a thermosetting treatment to form a molded part having a predetermined shape; and assembling together 
a plurality of said molded parts to form a predetermined configuration. 

[0020] According to the above descrtoed method, even if the molded parts have complex configuration, a molding for- 
mation process may be easily conducted within only a shortened time. Furthermore, by separately forming solid organ- 
ism phantom parts, these phantom parts, which are in fact partially molded bodies, are all movable independently from 
so one another. 

[0021 ] Other features and advantages of the present invention will become apparent from the following description of 
the invention which refers to the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

55 

[0022] 

Fig. 1 is a front view schematically indicating a solid organism phantom made according to one preferred embodi- 
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ment of the present invention. 

Fig. 2 is a side view schematically indicating the solid organism phantom made according to said one preferred 
embodiment of the present invention. 

Rg. 3 is a front view schematically indicating a solid organism phantom made according to another preferred 
s embodiment of the present invention. 

Fig. 4 is an explanatory view schematically indicating a method of measuring an antenna radiation characteristic. 
Fig. 5 is an explanatory view schematically indicating a method of measuring SAR. 

PRESCRIPTION OF THE PREFERRED EMB ODIMENTS 

10 

[0023] A composite dielectric material made according to the present invention is formed by mixing dielectric ceramic 
powder and electrically conductive powder into a thermosetting resin. Such composite dielectric material has a dielec- 
tric constant which is the same as that of a human body in a frequency band of a microwave. It is noted that the so called 
same dielectric constant as that of a human body in a frequency band of a microwave means that a relative dielectric 

is constant (er*) is 5 - 80, a dielectric loss (tan 5) is 0.1 - 1 .0, all under a condition in which a measured frequency is 1 GHz. 
[0024] Further, as a thermosetting resin mentioned in the above, there should be no any limitation to said resin, pro- 
vided that the resin is capable of thermosetting, such as an epoxy resin, a urethane resin and a silicon resin. Moreover, 
the content of the thermosetting resin in the composite dielectric material is 40 - 90 vol%, preferably 40 - 60 vol%. 
[0025] Further, the dielectric ceramic powder mentioned in the above should not be limited in any specific manner, 

20 provided that said powder has a dielectric constant within a certain range. In more detail, said dielectric ceramic powder 
may be barium titanate, strontium titanate or titan oxide. The dielectric ceramic powder is added in an amount of 0 - 50 
vol%, preferably 0 - 25 vol%. 

[0026] Further, as an electrically conductive powder mentioned in the above, it is allowed to use a carbon powder such 
as graphite and carbon black, a metal-plated plastic powder or a metal powder. Such kind of electrically conductive 
25 powder is added in an amount of 10 - 60 vol%. In fact, there should not be any limitation to the sizes and shapes of both 
the dielectric ceramic powder and the electrically conductive powder. 

[0027] Further, the solid organism phantom according to the present invention is formed by the composite dielectric 
material. There should be not any limitation to a method of forming said solid organism phantom, provided that such a 
method enables a desired configuration to be obtained for said phantom. Nevertheless, in view of an accuracy and an 

30 easy extent in the molding formation of said phantom and further in view of a molding formation time, it is preferable to 
employ a method of injection molding. As to the shape of the solid organism phantom, it is allowed to use an assembly 
formed by properly assembling together molded parts including a head, hands, arms and a body fuselage. Further, the 
molded parts are also allowed to be formed into spherical, elliptical spherical, solid cylindrical, solid elliptical cylindrical 
shapes. Moreover, when assembling together the molded parts, it is possible that the molded parts are directly engaged 

35 with one another so as to be maintained in the assembled positions. Also, it is allowed that the molded parts are assem- 
bled together by virtue of necessary articular members. On the other hand, it is required that the articular members are 
formed by a material which has little influence on an electromagnetic wave. For instance, it is allowed to utilize a plastic 
material such as a polycarbonate resin, nylon, and a acryl resin. Further, as to some of the above molded parts which 
have nothing to do with the measurement of electromagnetic wave, such molded parts are not necessarily required to 

40 be made by the above composite dielectric material. For example, some of the molded parts corresponding to arm por- 
tions of a human body, are allowed to be made by a plastic material. 

[0028] Next, the composite dielectric material and the solid organism phantom, all made according to the present 
invention, will be described in more detail by way of the following working examples. 

45 First Preferred embodiment 

[0029] A composite dielectric material according to the present invention was prepared in the following manner. 
[0030] At first, a normal chain aliphatic glycidyl ether which is an epoxy resin serving as a thermosetting resin and a 
cyclic aliphatic amine serving as a hardening agent for hardening the thermosetting resin were prepared. The epoxy 
so resin and the hardening agent were mixed together in a ratio of 3:1 , thereby obtaining a two-liquid mixed resin. 

[0031 ] Then, the dielectric ceramic powder was prepared which is BaO-CaO-ZrO-MgO-TiO ceramic having a relative 
dielectric constant (er') of 10000 when at 1 kHz, a dielectric loss (tan 8) of 0.01 when at 1 kHz. and an average size of 
2 urn. 

[0032] Afterwards, carbon powder serving as an electrically conductive powder having a specific resistance of 1500 
55 fin • cm, an average size of 25 um. 

[0033] Subsequently, the two-liquid mixed resin, the dielectric ceramic powder and the electrically conductive powder 
were mixed together in accordance with a composition shown in Table 1 , thereby obtaining an admixture. Then, the thus 
obtained admixture was kneaded under a vacuum condition in order to remove some air bubbles possibly existing within 
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the admixture, and was further injected under a vacuum condition into a cylindrical test piece mold having an outer 
diameter of 7 mm, an inner diameter of 3 mm and a length of 5 mm, followed by heating at a temperature of 100°C for 
two hours so as to harden the admixture, thereby obtaining the desired composite dielectric material. 
[0034] A relative dielectric constant (sr 1 ) and a dielectric loss (tan 6) of thus obtained composite dielectric material 

5 were measured under a condition in which a measured frequency is 1 GHz, with the measurement results shown in 
Table 1 . In the following Table 1 , mark "X" is used to represent some of the obtained dielectric materials whose dielectric 
properties are not coincident with that of a human body, or those which can not be molded into a certain predetermined 
shape. Mark "a" is used to represent some of the obtained dielectric materials whose relative dielectric constants are 
5 - 80 and whose dielectric loss are 0.1-1 .0, which are all within a range of a dielectric property of a human body. Mark 

10 "O " » s used to represent some of the obtained dielectric materials whose relative dielectric constants are 20 - 70 and 
whose dielectric loss are 0.2 - 0.8, ensuring that these dielectric materials may be used sufficiently to form a pseudo 
human body. Mark "O O" ls used to represent some of the obtained dielectric materials represented by mark "O". 
whose dielectric constants are 40 - 60 and whose dielectric loss are 0.3 - 0.6, indicating that these obtained dielectric 
materials have dielectric properties which are very close to that of a human body, i.e., extremely similar to a human 

is body's muscle tissue having a high water content. However, in Table 1, a mark is used to represent some of the 
obtained materials whose relevant parameters are out of the ranges prescribed in the present invention. 
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[0035] A shown in Table 1 , the composite dielectric material made according to this example of the present invention 
can satisfy the dielectric properties of a human body, i.e., having a relative dielectric constant (er 1 ) of 5 ■ 80, a dielectric 
loss (tan 8) of 0. 1 - 1 .0, all under a condition where a measured frequency is 1 GHz. 
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[0036] Here, an explanation will be given to a reason as to why there are some limitations to the content of the ther- 
mosetting resin, the content of the dielectric ceramic powder and the content of the electrically conductive powder in 
the present inevntion. 

[0037] A reason as to why the content of the thermosetting resin should be set at 40 vol% or more may be explained 
5 as follow. Namely, as in the case of No. 1 of the test samples listed in Table 1, if the content of the thermosetting resin 
is less than 40 vol%, it is impossible for a composite dielectric material to be molded into a predetermined shape. 
[0038] Further, a reason as to why the content of the electrically conductive powder should be set at 1 0 vol% or more 
may be explained as follow. Namely, as in the case of No. 14 of the test samples listed in Table 1, if the content of the 
electrically conductive powder is less than 10 vol%, a dielectric loss (tan 6) will become smaller than 0.1 , a value that is 
10 not desired. 

[0039] Furthermore, a reason as to why there is an upper limit to each of the contents of the thermosetting resin, the 
dielectric ceramic powder and the electrically conductive powder, may be explained as follows. Namely, if the upper limit 
for each of the above contents is exceeded, either the thermosetting resin or the electrically conductive powder will 
become less than its lower limit. As a result, it is impossible for the above composite dielectric material to be molded 
15 into a predetermined shape, and a dielectric loss (tan 5) will decrease. 

Second Preferred Embodiment 

[0040] A test material used in this Second Preferred Embodiment is a composite dielectric material listed at No. 19 of 
20 the test materials prepared in the First Preferred Embodiment. As shown in Fig. 1 and Fig. 2, the composite dielectric 
material was injected under a vacuum condition into some predetermined molds, followed by thermosetting treatment, 
so as to form molded parts of a human body including a head portion, a shoulder portion, a chest portion, an upper arm 
portion, a lower arm portion, a wrist portion, a hand portion. After a cooling treatment, the molded composite dielectric 
body parts were removed from the molds, thereby obtaining molded parts of a human body, including a head portion 
25 5a, a shoulder portion 5b, a chest portion 5c, an arm portion 5d including an upper arm portion 56^ and a lower arm 
portion 5d 2 , a wrist portion 5e and a hand portion 5f . These molded parts were then assembled together through artic- 
ular members 7 made of a plastic material, in a manner such that the molded parts are all movable through these artic- 
ular members 7. After that, thus assembled pseudo human body is placed on a mounting table 8 which is also made of 
a plastic material, thereby obtaining a desired solid organism phantom 1 . 
30 [0041] The solid organism phantom 1 made in this example was then subjected to a predetermined measurement 
which measured an influence on a human body of an electromagnetic wave generated by a portable radio communica- 
tion device. 

[0042] In this embodiment, although only one kind of composite dielectric material was used to form a solid organism 
phantom 1 , it is also possible to use composite dielectric materials having different relative dielectric constants and dif- 
35 ferent dielectric losses, corresponding to different portions of a human body. On the other hand, movable portions of the 
solid organism phantom according to the present invention are not necessarily required to be made in the same manner 
as in this example. For example, it is also possible that the upper arm portions 5d-i and the lower arm portions 5d 2 may 
be made integral with each, and that the arm portion 5d and wrist portion 5e may be made mutually integral. 

40 Third Preferred Embodiment 

[0043] A test material used in this Third Preferred Embodiment is a composite dielectric material listed at No. 19 of 
the test materials prepared in the First Preferred Embodiment. As shown in Fig. 3, the composite dielectric material was 
injected under a vacuum condition into predetermined molds, followed by thermosetting treatment, so as to form 

45 molded parts of a human body including a head portion, a shoulder portion, a chest portion, a hand portion. After a 
cooling treatment, the molded composite dielectric body parts were removed from the molds, thereby obtaining molded 
parts for forming a pseudo human body, including a head portion 5a. a shoulder portion 5b. chest portion 5c, an arm 
portion 5f, and a hand portion 5f. These molded parts were then assembled together to form a solid organism phantom 
1 to be placed on a mounting table 8 which is also made of a plastic material. Nevertheless, the hand portion 5f is 

so installed on the mounting table 8 by means of two arm members 10 made of a plastic material. The two arm members 
1 0 are held by a holding member 10a in a manner such that an angle formed between the two arm members 1 0 is freely 
adjustable. In this way. the position of the hand portion 5f provided on the front end position of one arm member 10 is 
also freely adjustable, enabling such adjustment to be performed in a relatively large space area. 
[0044] Here, a detailed description will be given to a method of measuring an electromagnetic wave, with the use of 

55 a solid organism phantom made according to the present invention. 

[0045] At first, in a case when we evaluate a radiation characteristic of an antenna by taking into account an influence 
on an electromagnetic wave (said influence is caused by a shielding action, an absorbing action and a scattering action 
of a human body, while said electromagnetic wave is generated by a portable radio communication device being used 
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in the vicinity of a human body), a useful measurement method may be shown in Fig. 4. Referring to Fig. 4, an electro- 
magnetic wave dark room 1 1 is used so enclose a solid organism phantom 1 and a portable radio communication 
device 9 positioned in the vicinity of the phantom 1 in a manner as if the portable radio communication device 9 is just 
being used by a person. In this way, an electric field intensity transmitted from the portable radio communication device 
9 located in the vicinity of the solid organism phantom 1 is received by an antenna 13, thereby enabling the desired 
measurement of the radiation characteristic of the antenna, by way of an amplifier 17 and with the use of a spectrum 
analyzer 19. 

[0046] Further, in a case when we measure SAR (Specific Absorption Rate) which is an evaluation index for evaluat- 
ing an influence of an electromagnetic wave on a human body (said electromagnetic wave is generated by a portable 
radio communication device being used in the vicinity of a human body), a useful measurement method may be shown 
in Fig. 5. Referring to Fig. 5, a portable radio communication device 9 is positioned in the vicinity of a solid organism 
phantom in a manner as if the portable radio communication device 9 is just being used by a person. Then, an internal 
hole is caused to be formed within the solid organism phantom 1 and a measurement sensor 15 is inserted into the 
internal hole, so that an electromagnetic wave may be received into the interior of the solid organism phantom 1. 
thereby performing a desired measurement for directly measuring an electrical field, by means of an amplifier 17 and 
with the use of a spectrum analyzer 19. 

[0047] Moreover, in a case when we measure SAR which is an evaluation index for evaluating an influence of an elec- 
tromagnetic wave on a human body (said electromagnetic wave is generated by a portable radio communication device 
being used in the vicinity of a human body), it is also possible to employ another method which requires that an elec- 
tromagnetic wave having a predetermined intensity is used to irradiate a solid organism phantom which has been 
almost divided into two sections in the longitudinal direction thereof. Immediately after that, the solid organism phantom 
is exactly divided into two halves, thereby measuring an elevated temperature on the cross section thereof (profile) with 
the use of a thermograph. While the invention has been particularly shown and described with reference to preferred 
embodiments thereof, it will be understood by those skilled in the art that the forgoing and other changes in form and 
details may be made therein without departing from the spirit of the invention. 

Claims 

1 . A composite dielectric material comprising: 

40 - 90 vol% of a thermosetting resin; and 

10-60 vol% of an electrically conductive powder, 

where a total amount including said resin and said powder is 100 vol%. 

2. A composite dielectric material comprising : 

40 - 90 vol% of a thermosetting resin; 

50 vol% or less, excluding 0 vol% of a dielectric ceramic powder; and 
10-60 vol% of an electrically conductive powder, 

where a total amount including said resin, said dielectric ceramic powder and said electrically conductive pow- 
der is 1 00 vor%. 

3. A solid organism phantom (1) comprising: 

a molded body (5) comprising the composite dielectric material of claim 1 or 2. 

4. The solid organism phantom (1) according to claim 3, wherein said phantom (1) is made of a composite dielectric 
material of claim 1 or 2, and has a shape of a generally human figure imitating at least one part of a human contour. 

5. The solid organism phantom (1) according to claim 4, wherein said shape of the generally human figure includes 
an articular portion (7) which is movable. 

6. A method of manufacturing a solid organism phantom (1 ), comprising the steps of: 

mixing and kneading dielectric ceramic powder and electrically conductive powder with a thermosetting resin 
to obtain a kneaded mixture; 

injecting the kneaded mixture into a formation mold and conducting a thermosetting treatment to form a 
molded part having a predetermined shape; and 
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assembling together a plurality of said molded parts to form a predetermined configuration. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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